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(57) An economical method for fecilitating injection 
mdcfing of a thermoplastic resin by reducing the viscos- 
ity of a molten resin without impairing the physical prop- 
erties of the resin, the surface appearance of the 
molded article and productivity 

In the method for injection molding of a thermoplas- 



tic resin, a themiopleistic resin in which not less than 
0.2% by weight of cart)on dioxkle Is dissolved is injected 
Into a mold cavity pressurized with a gas beforehand to 
at least a pressure where foaming does not lake place 
in the flow front of the molten resin. 
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Description 

TECHNICAL FIEin 

5 [0001 ] The present invention relates to a method for f adlitating injection molding of a thernxsplastic resin into a mold 
cavity so as to transfer the mold surface state precisely onto a molded article surface. 

BACKGROUND Am" 

10 [0002] In injection molding of a thermoplastic resin, the resin is generally heated and melted at a temperature to 
obtain sufficient f lowability of the resin for injection Into a mold cavity. The f lowabirrty of the molten resin affects not only 
ease of injection into a moid cavity but also sufficiency of pressure transmission to the resin filled in the cavity There- 
fore, ft also affects dimensional precision and external appearance of molded articles, and transfer of f ne information 
of the mold surface as required for molded articles such as optical disks. Thus, the molten resin flowability is an impor- 
ts tant factor for the moldability of a resin. An index of the flowability of the molten resin is the melt viscosity of a resin. 
[0003] Thermoplastic resins have a high melt viscosity and is inferior in flowability as a molding material. This tends 
to cause poor appearance such as irregular gloss and weld-line of the molded article, poor transfer of fine pattern of a 
mold surface such as pits of an optical disk, and incomplete filling of a resin into a thin artide portion in the mold, dis- 
advantageously. 

20 [0004] Conventionally, there are the following three methods for modifying resins to improve the flowability thereof. 
The first method is lowering of the molecular ¥veight of a resin, for example, by towering the average molecular weight 
or by broadening the molecular weight distribution to Increase the content of kiw molecular components. TNs method 
is disadvantageous in that the impact strength and chemical resistance are deteriorated although the flMability is 
improved. The second method is introduction of a conmnomer into the molecule. This method is disadvantageous In 

2S that the rigidity of the mMed artide is detertorated at high tenperatures. The third method is addition of a plasticizer 
such as a low molecular weight oily substance, e.g.* a mineral oil, and a Ngher fatty add ester. This method is disad- 
vantageous in that the rigklity upon application of heat is deterforated by the plasticizer, or the plastidzer adheres onto 
a mofo during the molding operation to stain the mokl. 

[0005] With regard to molding conditions lor increasing the flowatiility, it is effective to elevate a resin temperature or 
30 a mold temperature. However, higher temperatures of a resin cause thermal deoompositfon of the resin itself or of addi- 
tives to thereby tend to deteriorate the strength of molded articles or to cause undesired foreign matter generatfon. moW 
staining, and resin discoloration due to the deterioration of the resin. Furtiier. Ngher temperatures of a mokl retard the 
cooling of a resin in a mokJ to lengthen tiie molding cycle time, disadvantageously 

[0006] On tiie other hand, it is knovvn tiiat when cartDon dioxide is absorbed by a resin, it serve as a plastidzer to lower 

35 the glass transition temperature of tiie resin, as disclosed in many documents such as J. Appl. Polym. Sd., Vol.30, 
p.2633 (1985). This phenomenon has not been wklely utilized in resin mokiing. One of a few application examples 
thereof is a method dtsdosed in JP-A-5-318541 (TTie term "JP-A** as used herein means an 'unexamined published 
Japanese patent appfication"^ in which a gas such as cartMn dioxide and nitrogen is incorporated into a thermoplsistic 
resin, and the resin is filled into a cavity while the gas in the cavity is removed, to thereby trrprove the resin f lowabiiity 

40 and to produce molded articles without deterioration in strength and external appearance. In this metfrod. however, the 
amount of the gas Incorporated in the resin is as small as 0.1 8% by weight at the maximum if caftx)n dioxkie is used as 
the gas. Such a small amount is insuff ident to achieve the desired improvement of flowability. Since the cavity is k^ 
at the atnrx>spheric pressure or a reduce pressure in this method, the external appearance of the nrK)kied article sur- 
face is liable to be Impaired by fosmiing caused at the f bw front in the resin-filling step. 

45 [0007] A counter pressure molding method is known as a technique of produdng a foamed thk:k artide with satisfac- 
tory appearance without surface sink or warpage using a resin containing a foaming agent, as discfosed in JP-B-62- 
16166 (The term "JP-B" as used herein means an "examined Japanese patent publk:ation''). In this counter pressure 
molding, a molten resin containing a foaming gas is injected into a cavity filled with compressed air, artd the com- 
pressed air in the cavity is then released out of the mokj to cool the resin with maintaining tiie cavity pressure at a low 

50 pressure. In this method, foaming at tine flow front is suppressed during the resin injection so ttiat a molded artide 
foamed only inskle witix)ut foaming pattern on the suiface of the mokJed artide is produced. In the counter pressure 
molding, a cavity Is almost fully filled witii a molten resin of a non-foamed state, and thereto the molten resin inskle a 
solkJtfied surface layer formed during the resin injection is cooled and shrviks to cause foam formation at a degree cor- 
responding to the volume shrinkage accompanied by the cooling. Therefore, it can be basically oonstiered that tiie 

55 amount of the gas incorporated into the resin tor imparting foaming property to the resin be the minimum amount for 
compensating tfie volume shrinkage by foaming. Generally, tiie content of gas in a resin is less than 0.1% by weight 
with respect to nitrogen, and less than 0.15% by weight with respect to carbon dfoxkj . In tiie Example of JP-B-62- 
16166, the content of the nitrogen gas is estimated to be from 0.01 to 0.15% by weight, which cannot improve the resin 
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fiGwabiiity. 

[0008] The object of the present Invention is to provid an economical method for facilitating injection molding of a 
thermoplastic resin by reducing the viscosity of a molten resin without impairing the physical properties of the resin, the 
surface appearance of the molded article and productivity. 

[0009] As a result of extensive studies to achieve the above oljject. the inventors of the present invention found that 
when a specific amount of cartxxi dioxide is dissolved In a molten resin, it serves as a ptastidzer during only a nv)lding 
process and diffuses out into the air after tiie molding. Thus, the viscosity of the molten resin can be reduced without 
changing the resin properties, to thereby facilitate the molding. The present invention has been accomplished by tfiis 
finding. 

ni<;nLnsLiRE of the invention 

[001 0] The present invention is as follows: 

1 . A method Ibr irjection molding of a thermoplastic resin. wWch comprises irijecting a molten resin In which not 
less than 0.2% by weight of caitxjn dioxide Is dissolved so as Id lower the melt visoosity thweof. into a mold cavity 
pressurized with a gas beforehand to at least a pressure where foaming does not take place in the flow front of the 
molten resin. 

2. The method for injection molding according to the above 1 , wherein the gas for pressurizing the mold cavity is 
cart>on dioxida 

3. The mettiod for injection molding according to tiie above 1 or 2, further comprising pressurizing the gas after the 
Injection thereof into the mold cavity. 

4. The metiiod for injection molding according to tfie above 1 or 2, wherein the amount of tiie cartjon diodde dis- 
solved in the molten resin is not lower than 0.2% by weight and not higher than 3% by weight. 

5. The mettiod for injection molding according to ttie above 1 , wherein ttie pressure of ttie gas tiiat pressurizes ttie 
mold cavity is above tiie atmospheric pressure and not higher than 15 MPa. 

BRIEF DgSCRI PTION OF THE DRAWING 

[0011] 

Fig. 1 shows a structure of a square flat plate mold and a construction of a gas feeding system for counter pressure 
molding each for practicino the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0O12] The presem invention is explained in detail below. 

[0013] The thermoplastic resin for use in the molcfing method of the present invention irKludes thermoplastic resin 
materials such as polyettiylenes, polypropylenes, polyvinyl chlorides, acrylic resins, styrenic resins, polyethylene 
terephthalates, pdybutyiene terephttialates, polyarylates. pdyphenylene ethers, modified polyphenylene ethers, all 
aromatic polyesters, pdyacetals. polycarbonates, pdyether Imides. polyether sulfones. polyamides, polysulfones. pol- 
yether etiier ketones, and poly ettier ketones: blends of one or more tiiereof ; and compositions tiiereof fiirttier contain- 
ing a filler. 

[p014] The styrenic resin for use herein Includes homopolymers and copolymers containing styrene as the essential 
component, and polymer blends obtained from these polymers witii other resins, and is preferably a polystyrene, and 
an ABS resin. The polystyrene Includes styrene homopolymers and aibber-relnforced polystyrenes containing rubber 
distributed in the resin phase. 

[001 5] The thermoplastic resin is preferably one having high affinity with cartxxi dioxide, and having high solut)ility for 
carbon dioxide. Particularly prefened examples thereof includes polyettiyienes. polypropylenes. styrenic resins, pdya- 
cetals, polycartxxiates. polyphenylene ettiers. and nxxlif ied polyphenylene ettiers. In particular, ttie polycarbonate res- 
ins are especially suitable for the present invention because of ttie following reason. That is. ttiey are advantageous in 
that not only because ttiey have a high solubility tor carbon dioxide, but also tiiey generate cartx>n dioxide upon decom- 
position thereof, the equilibrium of the decomposition reaction shifts to deaease the ttiermal decomposition rate when 
cartxxi dioxide is contained in the molten resin. 

[001 6] According to the present invention, various resins not readily moidat>ie can be suitably used: tor example, ttier- 
moplastic resins having a molecular weight excessively high for injection nxalding, resins raving low ttiennal stability lia- 
t)le to cause thermal decomposition, resins having a high softening temperatur so as to require considerately a high 
tenperature for molding, and resins containing an additive Rke a flame retaidant tfiat readily undergoes tiiermal deconv 



3 



EP 0 914 919 A1 



position. 

(001 7] The method of the present invention is applicable to thennoplastic resins which ar moldable by usual extru- 
sion molding but has poor flowability for injection molding, and to thermoplastic resins which have excessively high 
molecular weight for injection molding. The examples of the resins are shown below. 

5 

(1) Acrylic resins having a melt flow rate ofl .0 or lower, prefmybly 0.5 or lower: 

(2) Polystyrene resins having a melt flow rate of 1 .5 or lower, preferably 1.0 or lower: 

(3) Rubber-reinforced polystyrene resins having a melt flow rate of 2.0 or lower, preferably 1 .5 or lower: 

(4) ABS resins having a melt flow rate of 3.0 or lower, preferably 2.5 or lower: 

10 (5) Polycart^onate resins having a melt flow rate of 6.0 or lower, preferably 5.0 or lower: 

(6) Poiyphenylene ether resins, or modified polyphenytene BXhec resins containing polyphenylene ether at a content 
of 60% by weight or higher, preferably 70% by weight or higher: 

(7) Polyacetal resins having a melt flow rate of 5.0 or lower, preferably 3.0 or lower: 

(8) Polyethylene resins having a melt flow rate of 5.0 or lower, preferably 3.0 or lower: 

IB (9) Polypropylene resins having a melt flow rate of 5.0 or lower, preferably 3.0 or lower: and 
(10) Thermoplastic resins containing a readily thermally decomposat)le flame retardant 

[0018] The melt flow rate used herein is a value measured according to JIS K7210 under the usual measurement 
conditions described in the above JIS for respective resins: for examples, under Conditions 1 5 for acrylic resins, under 
20 Conditions 8 tor polystyrene resins and rubber-reinforced polystyrene resins, under Conditions 1 1 for ABS resins, under 
Conditions 20 fbr polycartx)nate resins, under Conditions 4. polyacelaJ reshs and polyethylene resins, and under Con- 
ditions 14 for polypropylene resin& The unit of the melt flow rate is g/10 min. 

[0019] Generally, higher molecular weights improve chemical resistance, impact resistance, etc. of the molded arti- 
cles, but provide deteriorated flowability upon molding, to thereby make it difficult to carry out injection molding. Since 

25 extrusion nrK>ldlng does not require so high flowability as required in injection molding, polymers of a higher molecular 
weight are generally used in the extrusion molding. In the present invention, high molecular weight polymers that are 
molclat)le by extrusion t3ut are not used in injection molding methods can be satisfactorily us^. 
[0020] Examples of the thermoplastic resin having a softening temperature e)rcessively high for injection molding 
Include polyphenylene ether resins, and modified polyphenylene ether resins composed of a mixture of a polyphe- 

30 nylene ether and a polystyrene or rubber reinforced polystyrene in a mixing ratio of from 100:0 to 60:40. The polyphe- 
nylene ether resin, which has poor moldability. is generally used as a blend prepared t>y Incorporating more than 40% 
by weight of a polystyrene or riiaber-reinforced polystyrene. However, the molding metixxi of the present Invention can 
also be applied to mixing ratios where the proportfon of the rubt>er-reirtfbrced polystyrene is not more than 40% by 
weight. 

35 [0021 ] The method of tiie present invention is also applicable to resins having a high softening temperature or a low 
decomposition temperature which decomposes or deteriorates In physical properties If heated so as to obtain sufficient 
f lowiabillty of the molten resin, and provides Ngfi flowability at a low temperature. Generally, in the case where the ther- 
moplastic resin is an amorphous resin, molding can be effected at a melt temperature of not higher than the gle^s tran- 
sition temperature of the cait)on dioxide-free resin plus 150''C. and in the case of a crystalline thermoplastic resin. 

4o molding can be effected at a melt temperature of not higher than the melting point of tfie cartxsn dioxide-free resin plus 
lOO^C. 

[0022] Cartx>n dfoxide is used in ttie present invention as the plasticizer to be blended into a thernfK)plastic resin for 
Imering the melt viscosity. However, any kind of plasticizer may be used, provided that it has a high solubility in molten 
resir«. It does not deteriorate resins, a nrK>ld. or molding machine-constructing materials, it does not damage molding 
45 environments, it is not exper^lve. and it rapidly evaporates from the molded article after molding. If appropriate, the 
plastidzer may be used in combination with a liquid such as saturated hydrocarbons having from 1 to 5 carbons, f Ions 
derived from tiie hydrocaritxxis by partially substituting hydrogen with fluorine, water, alcohols, and mixtures of two or 
more thereof. 

[0023] It is difficult to directiy determine the amount of tiie cartxsn dioxide in the molten resin to be Injected into a mold 
so cavity Therefore, in tiie present invention, the amount of the cart>on dioxide in tiie rctcMen resin to be injected into a mold 
cavity is define as the difference of: ttie weight of the molded article measured immediately after the injection molding 
of the cartxxi dioxide-containing resin; and the weight of the molded article after standing in a hot-air drier for 24 hours 
at a glass transition temperature for an amorphous resin or at a temperature lower by about 30**C thari the melting point 
for a crystalline resin to diffuse the cartx)n dioxide from the molded article into the air to obtain a constant weight. In this 
55 measurement, the derived amount of cartxsn dioxide is approximately the same whether or not a counter pressure 
moldng is used, and the difference therebetween is negligible. 

[0024] The glass transition terrperatures of thennoplastic resins in the present invention Is defined by the onset tem- 
perature in a temperature-flow curve obteined k)y a differential scanning calorimetry (DSC) measuremerrt with a tem- 
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perature elevation rate of 20*C/min. If plural onset temperatures are detected, the highest of the temperatures is 
defined as the onset temperature of the resin. The melting point is defined as the endothennic peak temperature 
caused by resin melting in the temperature-heat flow graph obtained by the measurement as above. 
[0025] The counter pressure molding as used herein includes any molding methods in which a resin is Injected into 

5 a mold cavity pressurized with a gas to at least a pressure where foaming does not take place in the flow front of the 
molten resin during the resin filling stage. A usual pressure-holdng method where a resin Is cooled and solidified under 
a high pressure maybe employed in combination. The pressure-hokling method includes a resin-pressurizIng method 
in which a molten resin is charged sifiplementarily to the moW cavity, an injection method in which a pressurized gas 
or a like fluW is injected into the resin or the interface between the resin and the moW. and an injection oompresston 

10 method in which the cavity volume is decreased. 

[0026] Cartxjn dioxide is readily soluble in themioplastlc resins to become an effective plastidzer to Improve the f tow- 
ability of the thermoplastk: resin. 

[0027] In the present invention, the amount of cartxxi dtoxkie dissolved in a molten thermoplastic resin is not less than 
0.2% by weight. For remarkably Improving the flowability, the amount should be not less than 0.2% by weight, and is 

IS preferably not less than 0.3% by weight. The upper limit of the dissolved cartxjn dkudde Is about 3% by weight. An 
excessive amount of the dissolved carbon dlGodde is not so effective for the f towabllity improvement, but tends to cause 
foaming of the resin by vaporization of the carbon dtoxide. and greatly Increases the necessary gas pressure in the 
mdd (counter pressure) even if foaming pattern formation on the molded article surface is prevented by the counter 
pressure method. The amount of the cartx>n dioxide is preferably not nrore than 3% by weight more preferat}ly not more 

20 than 2% by weight. 

[P028] In the counter pressure molding which htends foam formation by enploying cartion dioxide as a foaming gas, 
there is case where a chemicai foaming agent such as sodium bicarbonate and citric acid is plastk:ized with the resin 
and the carton dioxide produced by thermal decomposition of the chemk»l foaming agent is dissolved into the resin. 
However, the use of the chemical foaming agent in order for decreasing the melt viscosity is not practical. This is 
25 because the plastidzing effect of the chemical forming agent is lower than cart>on dioxide, the use thereof is accompa- 
nied with the generation of water that is reluctant to diffuse out from the resin, a powdery decomposed product of the 
foaming agent remains in the resin to deteriorate the resin properties and surface smoothness of the moWed product, 
and the chemical foaming agait is expensive for the amount of the generate gas. 

[0029] Carbon dioxkle is dissolved in the thermoplastic resin preferably by either of the two method desaibed below. 

so In a first method, a particulate or granular resin is stored preGminarily m a carbon dtoxide atmosphere to allow the resin 
to absorb the cartxxi dioxide betore feeding to a motoing machine. The amount of the ak)sorbed gas depends on the 
cart>on dioxide pressure, the atmosphere temperature, and the absorptton time. In this method, as the resin is heated 
at the time of plasticization, a part of the carbon dioxide in the resin volatilizes, so that the amount of the cartjon dioxide 
in the resin decreases from the preliminarily ak>sorbed amount. Therefore, the resin feeding route such as a hopper of 

35 a molding machine is preferably tept under a nitrogen atmosphere. In a second method, cartx>n dioxide is dissolved 
into a resin during or after plasticization in a cylinder of a nK>lding machine. In this method, the vicinity of the hopper of 
the molding machine is covered by a cartoon dioxide atmosphere, or carton dioxide is Introduced from the middle por- 
tion or the tip of a screw,, or from a cylinder. For introducing cartxHi dioxide from the middie portton of the screw or cyl- 
inder, the screw flight depth is preferably made larger around the gas-introducing portton to lower the resin pressure. 

40 Further, for uniform dissolution and dispersion into the resin after introduction of carbon dioxide, preferably a mixing 
mechanism such as a dulmage or a blending pin Is provtoed in the screw, or a static mixer is provided in the resin flow 
path. The irjectton machine may be of an in-line screw type or a screw preplasticator type. The screw preplasticator 
type machine is especially preferred since the screw design of the extruding portion for resin plasticization or the posi- 
tion of the cartx)n dioxtoe introduction can readily be changed. 

45 [0030] The carbon dioxtoe in the thermoplastto resin is gradually emitted into the air after solidificatton of the thermo- 
plastic resin during storage in the open air. However, the gas eirvssion produces no fbam In the moUed arttole. and the 
prcperties of the motoed article after the gas emission is the same as the inherent properties of the thermoplastic resin. 
[0031] In the present invention, the mold cavity is preliminarily pressurized with a gas to at least a pressure where 
foaming does not XbA^b place in the flow front of the molten resin during resin filling stage. arKi subsec^jently injection 

50 molding is conducted. The pressure of the gas introduced into the cavity may be the minimum pressure for eliminating 
an fbam pattern on the nx)lded article surface. Lower gas pressure is prefen-ed for minimizing the anxiunt of tine gas for 
one molding step and to simplify tiie structure of the seal of the moto cavity and tine gas feeding system. At the gas pres- 
sure higher than 15 MPa, proi3lem6 tend to be caused such that the internal pressure to drive the moU to open 
becomes not negligble, sealing of the vnoki cavity becomes difficult, and the lika Therefore, the pressure of the gas for 

55 pressurizing the mold cavity is preferably not higher than 15 MPa. 

[0032] The gas to k>e introduced into the moW cavity for pressurization includes various simple gases and mixture 
thereof inert to the resin, such as air and nitrogen. However, cartxxi dioxide, hydroca{tx>ns. and partially fluorine-sub- 
stituted hydrocartx)ns are prefenred, which has higher solubilities in thennoplastic resins. CartxKi dtoxkle is especially 



5 



EP 0 914 919 A1 



useful since it improves effectively the lransferal)ility of the mold surface state onto the molded artide. In the case where 
an amorphous resin Is employed and the cavity is pressurized by cartxxi dioxide, a higher gas pressure in the cavity will 
result excellent transferability as disclosed in Japanese Patent Application ^Jos. 9-236763 and 10-46903. Therefore, 
when hi^ly precise transfer Is required, the gas pressure is preferably raised to the possisle maximum pressure in 

5 accordance with the clamping force of the molding machine and sealing ability of the mold. The gas in the rno\6 cavity 
preferably coittains cait)on dioxide at a higher corrtent. particularly not lower than 80% by volume. The temperature of 
the gas is not limited. The gas may be at an atmospheric temperature, and heated gas also can be used satisfactorily. 
When the gas is heated, a heated gas mixture of cari3on dioxide and a vapor of a IqukJ that readily dissolves therein 
cartx)n dioxide can t>e used satisfactorily. 

10 [0033] In the present invention, there can be also satisfactorily used a molding method in which a first thermoplastic 
resin containing carbon dioxide at a content of 0.2 to 3% by weight and a second thermoplastic resin are successively 
or simultaneously injected into a mold cavity. Particularly suitable is an injection molding method In which a f rst ther- 
moplastic rean containing cart}on dioxide at a content of 0.2 to 3% by weight is firstly injected and a second thenmo- 
plastic resin containing no carbon dioxide Is secortdly injected into a mold cavity. The second thermoplastic resin may 

IS be the same kind as the first thermoplastic resin containing caibon dioxide at a different content, or having different 
molecular weight; another kind of thermoplastic rosin containing carbon dioxide at a different content; or combination 
thereof. By introducing cartx)n dioxide into the first thermoplastic resin to lower the mett viscosity, a composite injection 
molded artide can be obtained which has a uniform surface layer of the first thermoplastic resin and an inner core of 
the second thermoplastic resin. The properties of the molded article can be improved by using the first thermoplastrc 

20 resin having desired properties such as heat resistance, chemical resistance and physical properties to form the sur- 
face layer of the first thermoplastic resin. 

[00341 Orientation of pdymer chains in a molded artide can be decreased by use of the first themnoplastic resin con- 
taining cartDon cfioxide at a content not lower than 0.2% by weight to increase the f lowability of the f i^l thermoplastic 
resin. More specifically, in injection molding, a thenriof^astic resin flows in a mold cavity in a movement pattern called 

25 a fountain flow. The injected thermoplastic resin solidifies to form a layer on a cooled wall of a mold upon contact there- 
with, and the subsequently injected resin flows and proceeds inside the solid layer. The shear rate is the highest at tfie 
interfece between the solid layer and the flowing inner layer. The polymer chains are oriented at the h^hest degree in 
the interface region where the shear rate is higher. The contained cartwn dioxide increases the flowability of the first 
thermoplastic resin to reduce this orientation in the Interlace region, resulting in decrease of orientation of the pdymer 

30 chain of the molded product as a whole, decrease of birefringence, increase of impact strength, and other improve- 
ments. 

[0035] The mdding method of the present invention is suitable for molding thermoplastic resin articles induding opti- 
cal device parts; housings of light electrical appliances, eledronic devices and business machines; automobile parts; 
arKl artides for daily use. The molding method of the present invention is particularly suital)le for molding housings of 

35 el ctronic device, eledrical appliances and business machines, which are produced from an amorphous resin by injec- 
tton molding through multiple gates to thereby tend to cause undesired formation of many weld line. The method of the 
present Invention Is also useful for molding anbossed articles of eggshell texture or pattern-embossed artides. The 
method of the present invention is promising also in moWing of a thin case of a handy personal computer for ease of 
the molding, improvement of the molded articles, and a grater freedom in product designing. Furthermore, the method 

40 of the present invention is useful for molding optical parts from transparent thermoplastic resin, the optical parts indud- 
ing lenses such as lenticular lenses, and Fresnel lenses; recording disks such as optical disks: optical guide plates as 
liquid crystal display parts: and optical diffuston plates. These articles nxjlded according to the method of the present 
invention have a surface corresponding to the mold surface transfenred with high reprodudbility, having inproved c^oss. 
less conspfouous weM fines, and high reprodudbility of sharp edge of the mdd surfooe and of fine prpjections and con- 

45 caves of the mold. 

[0036] Furthermore, the present invention Iteilitates mofoing of resins not readily movable in spite of satisfactory 
properties thereof, such as ultra-Ngh-molecular-weight polyethylene and pdyphenytene ethers, and resins containing 
a flame retardant which are difficult to be mokJed at a high temperature owing to their poor tiiermal stability. 

50 EXAMPLES 

[0037] The effects of the present invention are desalbed in greater detail with reference to the fdtowing Examples 
and Comparative Examples. 

55 Resin 

[0038] The resins employed in the injectfon molding are shown below. All of the resins were in a pellet stat before 
the injection nnokfing. 
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Pdycarbonata resin (Panlite L1225. produced by Teijin Kasei K.K.} 

Rubber-reinforced polystyrene resin (Styron 492. produced by Asahi Chemical Industry Ca) 

Aaylic resin (Delpet dONH, produced by Asahi Chemical Industry Co.) 

Modified pdyphenyfene ether resin (literKf of polypheny! ene ether 80% by weight and polystyrene 20% by weight) 

5 

Gas 

[0039] Carbon dioxide having a puirity of not lower than 99% was used as the gas. 
fo Molding machine 

[0040] An injection molding n^hine SG50. and SG125M-HP manufactured t)y Sumitomo IHeavy Industries. Ud. were 
employed. The resin plasticizing portion exterxiing from the hopper to the screw was in the atmospheric air. 

/5 Mold 

[0041] TTie molds used were one for provldng a square-shaped molded article and one for providing a rectangle- 
shaped molded article. The mold for the square flat plate had a product portion of 1 00 mm square and 2 mm thick. This 
mdd was mounted to the injection molding machine SG50. The mold for the rectangular flat plate had a product portion 

2o of 120 mm long. 60 mm wide, and 2 mm thick. This mold was mounted to the injection molding machine SQ125M-HP. 
[0042] Fig. 1 shows the structure of the mold for the square flat plate. The surfiace of the cavity was mirror-polished, 
a direct gate 1 having an 8 mm diameter was provided at the center of the molded plate, a sprue 2 had a len!gth of 58 
mm, and a nozzle-touching portion had a diameter of 3.5 mm. In the periphery of the cavil/ in the moid, a bent slit 3 of 
0.05 mm deep, a vent 4. and a hole 5 communicating the vent 4 with the outside were provided for gas feed and gas 

25 release. The hole 5 was connected to a gas feeding apparatus. O-rings 6 were fit to the peripheries of the verrt slit and 
the hole to seal the cavity to t>e gas-tight. 

[0043] In the rectangle plate mold, the gate had a width of 3 mm arxj a thid^ness of 2 mm; the land had a length of 3 
mm; the runner hsid a nearly square section of an average width of 4 mm and a depth of 4 mm, and a runner length of 
140 mm; the sprue had an average diameter of 4 mm, and a length of 55 mm; and the nozzle-touching portion had a 
30 diameter of 3.5 nrvn. 

The periphery of the cavity tiad the same structure as the square plate mold except the gate portion. The peripheries 
of the cavity, the sprue, and the runner were sealed with O-rings Id make the cavity gaa-tight 

Gas-feeding system for counter pressure molding 

95 

[0044] Fig. 1 stxiws the structure of the gas-feeding system for counter pressure nrK)lding. The gas source was a gas 
cylinder 7 filled with liquified cartx^n dioxide, and kept at 30°C. The gas was fed from the gas cylinder through a heater 
8 and a pressure-reducing valve 9 for controlling the pressure to a prescribed level to a gas holder 10 of a holding vol- 
ume of 1000 cm^ kept at about 40*0. The gas was fed to the mold cavity by opening a feeding magnetfo valve 1 1 at the 
40 downstream side of the gas holder arxl simultaneously closing a release magnetic valve 1 2, and the gas hokler and the 
cavity was kept connected during the resin Injection. As soon as the resin Injection was completed, the feeding mag- 
netic valve 1 1 was closed and the release magnetic vahre 12 ¥vas opened simultaneously to release the gas out of the 
mold. 

45 Cvlinder temperature 

[0045] Hie temperature of the cylinder at the injection molding was set at 250<*C for the polycariaonate resin. 220^0 
for the rukiber reinforced polystyrene resin, 240**C for the acrylic resin, and 320*0 for the modified polyphenylene ether 
resin. 

50 

Carbon dioxide content in molten resin 

[0046] The weight of the molded article was measured immediately after the nnolding. Then the mokied article was 
kept In an air drier for 24 hours or more at a temperature of 1 20*C for the polycartxviate resin and the nrKxiif led polyphe^ 
^ nylene ether resin, arxl 80'*C for the rabt)er reinforced polystyrene resin and the acrylic resin. The weight of the mokied 
article was measured after it had reached a constant weight by dffusion of cartxxi dioxUa The difference of the meas- 
ured weights was defined as the carton doxide content in the plastictzed molten resin. 
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[0047] A polycarbonate resin (PC) was dried in a hot air drier at 120*^0 for 5 hours. The resin was then trarsf erred 
into a dosed container kept at IS^'C. The container was evacuated to not higher than 1 hPa. and was f aied ¥vith cart>on 

5 dioxide at a pressure of 0.09 MPa The polycarbonate resin was aJlowed to starnJ in the container with the pressure kept 
constant for 24 hours. The amount of carbon dioxide absort>ed by the resin was 0.8% by weight from the difference 
between the resin weight after the drying and ttiat after storage in the carbon dioxide atmosphere. This polycail3onate 
resin having absoibed carbon dioxide was molded with the square-plate mold at a mold surface temperature of SO^^C 
by the counter pressure molding process using caibon dloxida The resin pressure required for resin Injection was 

10 measured in the cylinder of the molding niachina The required pressure was 204 MPa under conditions of a resin injec- 
tion time of 0.63 second and a counter pressure of 1 MPa. After the resin injection, the internal pressure of the cylinder 
was kept at 190 MPa for 5 seconds. After cooling for 20 seconds, the molded art'de was taken out. The otstained 
molded artide was transparent without a foaming pcrttem on the surface thereof. The caibon dioxide content in the plas- 
ticlzed molten resin was 0.4% by weight from the weight decrease of the molded article after the irijection molding. 

IS 

CnmparativQ Example 1 

(0048] A polycart>onate resin (PC) was dried in a hot air drier at 120^C for 5 hours. The resin was then transferred 
into a closed container kept at IS'C. The container was evacuated to not Wgher than 1 hPa and kept for 24 hours. The 
20 polycartDonate resin not containing carbon dioxide was tested In the same manner as In Example 1 for the resin pres- 
sure required for resin injection in the cylinder of the moUing machine. Without application of the counter pressure and 
e^n by application of 225 MPa. which is the maximum pressure of the molding machine, the mki could not be filled 
completely in the same injection time as in Exanrpte 1 . Even by injection operation for 2 to 3 seconds, only a short-sfiot 
molded article was obtained wHh the plate end of the mokl unfilled. 

25 



Table 1 



Resin Injection Pressure Required in Example and Comparative Example 


Mold : Square flat plate 
Injectton time: 0.63 second 




Resin 


Mokl temperature 
(-C) 


CO2 absorption 
pressure (MPa) 


CO2 content in 
molten resin (wt%) 


Pressure required 
for resin injection 
(MPa) 


Example 1 


PC 


80 


0.09 


0.40 


204 


Comparative Exann- 
plel 


PC 


80 


0 


0 


^225* 



* Short shot, mdd not completely fUled in 0.63 second at 225 MPa 



Example 2 

10049] A oibber-reinforced polystyrene resin (HIPS) was dried in a hot air drier at SO^'C for 5 hours. The resin was 
45 then transferred to a closed container kept at 25'*C. The container was evacuated to not higher than 1 hPa. and was 
filled with cartxyi dioxkle at a pressure of 2.0 MPa. The resin was allowed Id stand In the container with the pressure 
kept constant for 24 hours. The amount of cartxxi dioxide absorbed by the resin was 3.5% by weight from the difference 
between the resin weight after the drying artd that after storage in the cartxxi dioxide atmosphera This rubber-rein- 
forced polystyrene resin having cd)Sort>ed cartxxi dioxide was mokfed with the rectangular plate mokJ at a mdd surface 
50 temperature of 40°C by the counter pressure moteling process using cartaon dioxida The resin pressure required tor 
resin injection in the cylinder of the molding machine and the counter pressure were measured. The required pressure 
was 1 1 8 MPa Ibr the resin ir^ection time of 0.S2 second and the counter pressure was 5.0 MPa. After the resin ffijectton, 
the internal pressure of the cylinder was l®pt at 1 1 0 MPa for 5 seconds. After cooling for 20 seconds, the molded artide 
was taken out. The obtained molded article had excellent appearance without a foaming pattern on the surface. The 
55 caitx)n dloxkje content in the ptastidzed molten resin was 1 .8% by weight from the weight decrease of the mokled arti- 
cle after the injection molding. 
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Example 3 

[0050] An acrylic resin (PMMA) was dried in a hot air drier at 80*^0 for 5 hours. The resin was then transferred to a 
dosed container kept at 25''C. The container was evacuated to not higher than 1 hPa. and was filled with cartoon dioxide 

5 at a pressure of 2.0 MPa. The resin was allowed to stand in the container with the pressure kept constant for 24 hours. 
The amount cartx)n dioxide absorbed by the resin was 1 .7% by weight from the difference between the resin weight 
after the drying and that after storage In the cartxxx dicrade atmosphere. This acrylic resin having absorbed carbon dtox- 
ide was molded with the rectangular plate mold at a moid surface t&nperature of 90*'C by the coulter pressure molding 
process using carbon dioxide. The resin pressure required for resin irqection in the cylinder of the mokfling machine and 

10 the counter pressure w&e measured. The required pressure was 146 MPa for the resin injection time of 0.52 second, 
and the counter pressure was 1 .0 MPa. After the resin injection, the internal pressure of the cylinder was kept at 130 
MPa for 5 seconds. After cooling for 20 seconds, the molded article was taken out. The okJtained nrtoUed article was 
transparent without a foaming pattern on the surface. The cart>on dioxide content in tlie plastksized molten resin was 
0.25% by weigiit from the weight decrease of the mokJed artk;ie after the injection moMing. 

IS 

Example 4 

[0051] A modified pofyphenylene ether resin (mPPE) was dried in a hot air drier at ICXy^C for 5 hours. The resin was 
then transferred into a dosed container kept at 25^C. The container was evacuated to not higher than 1 hPa. and was 

20 filled with cartx>n dioxkje at a pressure of 2.0 MPa. The resin was allowed to stand in the container with the pressure 
kept constant for 24 hours. The amount of cart>on dtoxkle absort>ed by the resin was 6.7% by weig^ from the difference 
between the resin weight after the drying and that after storage in the caiten dtoxide atmosphere. This modified 
polyphenylene ether resin having at>soribed cartoon dtoxide was molded with the rectangular plate mok) at a mold sur- 
face temperature of 90**C by the counter pressure molding process using cartx)n dioxide. The resin pressure requir«J 

25 for resin injection in the cylinder of the molding machine and the counter pressure were measured. The required pres- 
sure was 240 MPa for the resin injectk)n time of 0.52 second, and the counter pressure was 8.0 MPa. After the resin 
injection, the internal pressure of the cylinder was k&pi at 220 MPa for 5 seconds. After cooling for 20 seconds, the 
mdded article was taken out. The obtained molded artide had excellent appearance without a fc^uning pattern on the 
surface. The carbon dtoxkle content In the plasticized molten resin was 2. 1 % by weight from the weight decrease of the 

so molded artide after the injection nrx>kitng. 

Comparative Example 2 

[0052] A rubber-reinforced polystyrene resin (HIPS) was dried in a hot air drier at SO'^C for 5 hours. The resin was 
9S then transferred into a dosed container kept at 25*^0. Ttie container was evacuated to not higher than 1 hPa, and was 
allowed to stand for 24 hours. This rubber-reinforced polystyrene resin not containing carison dicxide was tested in the 
same manner as in Example 2 fbr the resin pressure required for resin injection in the cylinder of the molding machine. 
Without application of the counter pressure, the required resin injection pressure was 1 79 MPa for the resin injection 
time of 0.52 second. 

Comparative Example 3 

[0053] An acrylic resin (PMMA) was dried in a hot air drier at OO^'C for 5 hours. The resin was then transferred into a 
dosed container kept at 25''C. The container was evacuated to not higher than 1 hPa. and was allowed to stand for 24 
4s hours. This acrylic resin not containing cartxin dioxide was tested in the same mamer as in Example 3 tor the resin 
pressure required for resin injectton In the cylinder of the molding machine. Without application of the counter pressure, 
the required resin injection pressure was 1 72 MPa fbr the re&k% injection time of 0.52 second. 

Cornparettivg Example 4 

so 

[0054] A modified polyphenylene ether resin (mPPE) was dried in a hot air drier at 100*^0 fbr 5 hours. The resin was 
then transferred into a dosed container kept at 25*^0. The container was evacuated to not higher than 1 hPa. and was 
allowed to stand fbr 24 hours. This modified polyphenylene ether resin not containing cartx)n dicxide was tested in the 
same manner as in Example 4 for the resin pressure required for resin injection in the cylinder of the molding machine. 
ss Wrthout applicatton of the counter pressure and by application of the maximum pressure of 280 MPa of tiie mokjing 
nuichine, a short-shot nrtolded article only was obtained in a fon shape of radius of 2 cm with the center at the gate posi- 
tion. 
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Comparative Examola 5 

[0055] The resin employed in Example 4 was injection-molded with the rectangular flat plate mold at a surfac tem- 
perature of 90^0 without a counter pressure at a resin injection time of 0.52 second. As the result, the obtained molded 
5 article had a remarkable fbaming pattern on the surface. 



Table 2 



Resin Injection Pressure Required in Example and Comparative Exanple 


Mold: Rectangular flat plate 
Injection time: 0.52 second 




Resin 


Mold temperature 
(•C) 


CO2 absorption 
pressure (MPa) 


C02 content in 
molten resin CMt%) 


Pressure required 
fbr resin irijectlon 
(MPa) 


Example 












2 


HIPS 


40 


2.0 


1.8 


118 


3 


PMMA 


90 


2.0 


0.25 


146 


4 


mPPE 


90 


2:0 


2.1 


240 


Comparative 
Example 












2 


HIPS 


40 


0 


0 


179 


3 


PMMA 


90 


0 


0 


172 


4 


mPPE 


90 


0 


0 


2280* 



* Short shot (fan shape of radius 2 cm), mold not filed al 280 MPa 

30 

INPgSTRIAL. APPUCAPIUITY 

[0056] The present invention facilitates molding of resins such as tiiose not readily mddable in spite of tiie excellent 
35 properties thereof, e.g., Ngh-molecuiar weight resins, those containing a flame retardant which are difficult to be 
molded at a high temperature owing to their poor thennal stability, and tiie like resins. Therefore, the present Invention 
extends freedom In selection of resins in resin product design and in selection of materials for resin development Fur- 
thermore, the present invention is promising even for molding of conventional resins as for uses where high f lowability 
is required, for example, for molding of an optical disk, a light gukling plate for IqukJ crystal display back light a ttiin 
40 case of a handy personal computer, and so forth to improve the quafity of the molded articles or to extend freedom in 
product d^ign. 

Claims 

4S 1 . A method fbr injection mokjing of a thermoplastic resin, wfiich comprises injecting a molten resin in which not less 
than 0.2% by weight of cartx)n dioxide Is dissolved so as to lower the melt viscosity thereof. Into a moU cavity pres- 
surized with a gas beforehand to at least a pressure where foaming does not take place in the f ksw front of the mol- 
ten resin. 

50 2. The method fbr injection moUing according to claim 1. wherein the gas for pressurizing the moti cavity is caibon 
dioxkia 

3. The method for injection molding according to claim 1 or 2, further comprising pressurizing the gas after the injec- 
tion thereof into the mold cavity. 

55 

4. The method for injection molding according to claim 1 or 2, wherein the amount of the carbon dioxide dissolved in 
the molten resin is not lower th£ui 0.2% by weight and not higher than 3% by weight. 
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5. TTie method for injection molding aocording to claim 1 . wherein the pressure of the gas ttiat pressurizes the mold 
cavity is above the atnrK>spheric pressure and not higher than 15 MPa 
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